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TI 7)->:Da lieat shock cognate protexn interacts directly with the N- terminal 
i e • a l 'jit of the retinoblastoma gene product pRb. 
Identification of a novel region of pRb-mediatmg protein 
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AS Retinoblastoma protein (pRb) functions as a tumor 

,: ,::r res:; or , and -certain proteins are known to bind to pRb in the 
C terminal re-uon. Although the N-termmal region of pRb may 
a mediate interaction with some proteins, no such protein has been 
identified ye". We demonstrated previously the m vivo protein association 
between pRb arid /3-kDa heat shock cognate protein (hsc73) m 

oe:tain human tumor re 11 lines. In this report we analyzed the interaction 
between these two proteins in vitro. Our data showed that hsc73 interacts 
with the novel N- terminal region of pRb; that is, pRb 

binds directly to hsc73 and dissociates from hsc73 in an ATP-dependent 
manner . By using deletion mutants of cDNA encoding 
pRb, th»- hsc.7r binding site of pRb was determined to be 

lccated in the region ..residues 30 1-372) outside the so-called A pocket 
::e=>iaucs 3 7 3-5 7 ^) of this tumor suppressor protein. This finding was 
i '. mr at ib 1 e with the fact that the adenovirus ElA oncoprotein, which is 
Kr.own t<> bind to the E2F binding pocket region of pRb, could not 

: iuf. e t e with :us;73 fcr the handing. Furthermore, phosphorylation of 
pFb by cy: 1 in - dependent kinase inhibited the binding of 
pRb to hS'i73. These data suggest that hsc7 3 may act exclusively as 
the molt-"- ru 1 ar chape r me for nonphosphor ylat ed pRb . As a result, 
: . t • ~ ; may f un : 1 1 on as a molecular stabilizer of nonphosphorylated 
pRb. 
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The retinoblastoma susceptibility gene product (pRB) 

.t - : : been known to function as a negative regulator of cell growth. Recent 
juierva* ijns suggest that it s biological activity might be modulated by an 
urerac* i jh with nuclear structures. By using m vitro binding assays, we 
have found that pRB can associate with lamm A, which has been 
known to be one :>f the major nuclear matrix proteins. A series of 
GST- lamm A, deletion mutants was constructed to define 
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the amino acid sequence required for binding to pRB - A GST-lamin 
A (247-355) containeiMn activity to associate with pRB , '^K e 
the other z on s t ru-ts^Huch as GST-lamin A (37-244) or GST-^un A 

, could not jiind to pRB. Within the pRB 
-ri::'idi.ng domain of lamin A, there exists the short amino acid sequence 
w.c ri is also present m the pRB- binding region of the 

* : a;.scr ipt i on factor E2F-1. The similar experiments using a set of GST- RB 
deletion mutants revealed that a region containing the 

K.A runding packet B and the car boxy- terminal portion of pRB was 
I'-suinsiMe f :»r omdmg to lamm A. 
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.=i:t? format ion of mammalian cells by human papillomavirus type 16 appears 

* 1 require binding of the viral E7 protein to the cellular 
retinoblastoma growth suppressor gene product (pRB) . 

:-. . ri J : ri g :>£ E7 protein to pRB inhibits several of pRB's 

.:hemr :: a 1. properties, including association with the transcription 
: ■. .'■■:< i: E2F. F.t ap-::nts of E7 protein derived from its conserved region 2 
■OR-) domain bind to pRB and are sufficient to inhibit binding 
: r t.,11- Length E7 protein to pRB . However, these CR2 fragments 

t; i t renced affinity for pRB compared to the full-length 
i. :-:tem ma dc no* inhibit formation of the pRB-E2F complex. 
Cr.e-e observat lcii^ -suggest the existence of additional contact sites 
i,' -tween t he 37 protein and pRB . In the current study we have 
: lectified a legion of E7, distinct from the CR2 domain, which is 
:■ . t r l :: i erit to b mc pRB . This new pRB binding motif 

.i!npas.-;e-3 the z i n : -binding conserved region 3 (CR3) domain of E7 . 
2* ..'.lies with a series of pRB deletion mutants 

-'.ggest that pRB residues between amino acids 8 03 and 841 are 
r.--: 3 a ry for bmamg to the E7 CR3 domain. An E7 CR3 peptide inhibits 
r.r:dm;i of S2F t: pRB, indicating that E2F and E7 (31-98) bind to 
pRB at the same or overlapping sites. These results are consistent 
w:th a model, in which optimal binding of E7 to pRB requires at 
Iv.^st two distinct contact sites: the previously identified high affinity 
interaction between the E7 CF2 domain and the pRB "pocket" 
:~oiori, and a second interaction between the E7 CR3 domain and the 
C'.""'H- terminal reg i on of pRB . The latter interaction is 
sufficient for E?'s inhibition of E2F binding to pRB . 
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r . c .. og ica L function of the retinoblastoma protein requires 

- : . ' t domains .f or hype rphosphor yl at 1 on and transcription factor 
L. ir.g. 
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Despite the importance of the retinoblastoma susceptibility gene 

t'_' tumor growth control, the structural features of its encoded protein ' 



pFJb; and their relationship to protein function have not been well 
explored. We constru^id a panel of deletion mutants 

pRb expression ve^^Prs and used a biological assay f or^^ 
pRb t.na: measures growth inhibition and morphologic changes in 
pPli-t.ransie;.:tei Sac-s-2 ceils to correlate structural alterations 

c the pRb :::>di:ig region witn function. We tested the deleted 
proteins for tne ability to bind to viral oncoprotein ElA and to the 
' : c.nscnpti j:i factor E2F. We also measured the ability of the mutant 
pi (tei:i:. t j oerome hyper phos phory L at ed in vivo and to be recognized as 

uL'St. rates in vitro by a cell eye Le- regulatory kinase associated with 

y:iin A. We identified two regions of pRb that are required for 
F.: ?' ninding and for nyperphosphorylat ion . ElA binding domains partially 

verlap b _;t are distinct from both of these other two regions. Biological 
: u::ct..i :»m :.>f pRb is dependent on retention of the integrity of 
i ' h of tries e d i o ::! lemical Ly defined domains. These data support the model 
*h:it pRb is a transducer of afferent signals (via the kinase 

that phosp.noryl ates it) and efferent signals (through transcription factor 
: .: .-.ding) , -sinj distinct structural elements. Preservation of both of 
these features is essential for the ability of pRb to induce 
:;r:wth inhibition and morphologic changes upon remtroduct ion into 

- i'snsfe ::tea -ells. 
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Hpperpnospho ry 1 a t i or. of tne retinoblastoma gene product is 

: :er e tn; i :\e :i by i:>ma:.r. : out.siie the simian virus 40 1 ar 3 e - T- ant r qen~ bind 1 ng 
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With tne murine retinoblastoma (R3) cDNA, a series of RB mutants 

were expressed in C03-1 cells and the pRB products were assessed 

: :>r then ability >.i) to bind to large T antigen (large T) , (11) to become 

rodified by phosphorylation, and {111) to localize in the nucleus. All 

pom: mutations and deletions introduced into regions previously defined 

;ori r r ic-ut 1 ng to binding to large T abolished pRB-large T 
. : implex formation and prevented hyperphosphorylat ion of the RB protein. In 
! ■ :-nt r a.st , a ser.es cf deletions 5' to these sites did not interfere with 
1 :ndmg t ■: large T. While some of the 5' deletion 
mutants were clearly phospho rylated in a cell cycl e -dependent 
1 :ctner one, delta ?vu, failed to be phosphor yl at ed depsite binding to 
.. oige 7'. pRB with mutations created at three putative p34cac2 
1 ho.= p ho ryl at 1 on sites in the N-terminal region behaved similarly to 
;xla-type pRB , whereas the construct delta P5-6-7-8, mutated at 
:<:ut serine residues C terminal to the large T-bmding site, failed to 
1 ecome hyp erphosphorylat ed despite retaining the ability to bind large T. 
A.j 1 cf the mutants described were also found to localize m the nucleus. 
These results demonstrate that the domains in pRB responsible 

t mding to large T are distinct from those recognized by the relevant 
pPB-specific kinase (s) and/or those which contain cell 
t ycl e -dependent phosphorylation sites. Furthermore, these data are 
(.■insistent with a model in which cell cycle-dependent phosphorylation of 
pF'B requires complex formation with other cellular proteins. 



